Typical animal outputs are of the order of 20 kg lamb per ewe or about 15 kg lamb per ha, with large variations around these values. There is, however, a growing body of evidence to indicate that native breeds of hill sheep have a relatively high capacity for production, and that this is being limited by the level of nutrition afforded by the traditional free-grazing system of management. A proper understanding of the nutritional limitations to production in the hill environment can come only from a more precise knowledge of the relationships between nutrition and the various components of individual animal productivity.
This paper considers firstly, the annual cycle of energy intake in the traditional system of management, and some of the effects of this on the animal; secondly, the relationships between energy intake and the components of individual animal productivity; and thirdly, the nutritional requirements for new systems aimed at increased levels of animal production from the hill resource.
The annual pattern of energy intake in a free-grazing system I n the traditional free-grazing system of management the year-round stocking rate is determined by the carrying capacity of the pastures during winter.
Seasonal changes in the quality of herbage ingested by wether sheep set-stocked on a predominantly grass hill pasture are shown in Fig. I (Eadie, 1967 Seasonal changes in digestibility of herbage consumed by wether sheep set-stocked on a
July, and continuing to decline throughout the summer until the end of the pasture growing season. From October onwards the quality of ingested material
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Nutrition of hill cattle and sheep I99 falls rapidly, giving organic matter digestibilities of around 50 in January and 48 in February. Variation between years is relatively small in this part of the cycle, but the rapid increase in pasture quality following the initiation of grass growth in the spring is highly variable between years and is dependent on soil temperature. Energy intakes are closely related to the quality of the material ingested (Blaxter, Wainman & Wilson, 1961 ) and, although not measured direct in the above study, are likely to range from submaintenance levels during November to March, with a minimum of 350 -450 g digestible organic matter per d, to maximum values in May of about 1250 g digestible organic matter per d for wethers and 1500 -1600 g digestible organic matter per d for lactating ewes. These values are low in relation to normal low-ground standards, but recent studies (Eadie, 1970) have shown that increases in the low stocking rates operating in free-grazing systems would depress minimum energy intakes in winter to even lower and quite unacceptable levels.
Seasonal changes in ewe live weight and body composition
Seasonal changes in pasture quality and hence in energy intake are to some extent a result of the intensity, or rather the lack of intensity, of grazing by the sheep stock, but these also have a profound effect on the sheep stock. Mean ewe live weights throughout the year are illustrated in Fig. 2 although there is usually a slight increase in weight during the final month as a result of foetal growth. Lambing is normally spread over a period of some weeks, and mean live weights based on varying proportions of pregnant and post-parturient ewes tend to seriously underestimate the full extent of the weight loss of individual animals from before mating until after lambing (see Fig. 2) .
Changes in the body composition of ewes throughout the year are more important, and biologically more meaningful, than changes in live weight. In one study (Russel, Gunn & Doney, I 968), conducted on a traditionally-managed non-experimental hill flock, more than 20% of the weight of maternal tissues (i.e. live weight less the weights of the fleece and the gastro-intestinal and uterine contents) was lost during pregnancy. This comprised more than 50% of the fat and about 20% of the total body protein present at maximum live weight. Changes of this magnitude are not unique to hill ewes, nor are they particularly important in themselves; what is important is the low range of body fatness over which these changes take place. In the particular study referred to, only 3 kg of ether-extractable material (representing some 7% of live weight) remained in the body I week before parturition. These very meagre reserves are generally depleted further during the early weeks of lactation. I t is noteworthy that incidences of ewe mortality are greatest during those months when fat reserves are least (Gunn, 1967) .
Relationships hetween energy intake and some components of
individual animal performance Fertility. Hill ewes are generally mated when in only very moderate body condition, and at a time when energy intakes are at submaintenance level and declining.
Work by Wallace (1961) , Coop (1962 Coop ( , 1966 and others indicates that these constitute probably the worst possible combination of factors for satisfactory reproductive performance. Preliminary experiments with hill ewes showed that liberal supplementary feeding before and during mating increased lambing percentage substantially, although it was not possible to distinguish between the effects of improved body condition resulting from the feeding, and of the level of nutrition per se.
A more recent experiment (Gunn, Doney & Russel, 1969) (approximately I 6% fat) were I 15 and 94 -a level of performance typical of many hill ewe flocks. The level of energy intake before and during mating had no effect on the reproductive performance of ewes in good body condition, but there was an indication of a positive nutritional affect in the ewes in poorer condition. These results provide a measure of the response in fertility to levels of energy intake which enable the ewe to attain an improved body condition by mating time.
Lamb production. Energy requirements of ewes are high during late pregnancy.
VoI. 30
Nutrition of hill cattle and sheep 20 I
From the results of Russel, Doney & Reid (1967b) it can be calculated that immediately before parturition a ewe carrying an average-sized single foetus will require twice as much energy as a non-pregnant ewe to prevent cataboIism of maternal tissues; a ewe with twin foetuses will require about 2.5 times the energy of a ewe with none. These high levels of energy requirement exist only for a relatively short time, but in the hill environment they are seldom if ever met in full, and the ewes are consequently undernourished, sometimes to severe degrees.
T h e principal consequence of undernourishment during late pregnancy is a reduction in lamb birth weight. Results from the work of Russel, Doney & Reid (1967a) indicate that the moderate degree of undernourishment (plasma non-esterified fatty acid concentrations of 700-800 pequiv./l) occurring in hill ewes with single foetuses will reduce lamb birth weight by about 10%. It is unlikely that a reduction of this order in the birth weight of a single lamb will have sufficient effect on lamb survival and subsequent growth rate to justify the input of supplementary feeding required to prevent it. I n twin-bearing ewes, however, the degree of undernourishment is more severe (plasma ketone concentrations of 8-10 mg/Ioo ml) and is likely to lower birth weights by some 2;%, an effect which will certainly prejudice the survival of twin lambs born in a typically cold and wet hill environment.
Lactation and lamb growth. Under traditional systems of hill pasture management, milk yields in early lactation are of the order of I kg per d. Peart (1967) has shown that, with high levels of energy intake, yields of 2 kg milk per d from single-suckling ewes, and of 3 kg per d from ewes suckling twins, can be readily achieved.
Similarly, typical lamb growth rates under traditional management systems average about 210 g per head per d in single lambs until about 6 weeks of age, after which the rate of gain generally declines. Growth rates in twins are substantially poorer, and for this reason twin lambs are generally removed from hill pastures to improved grazings whenever possible. Under experimental conditions, however, where high levels of energy are available to both ewes and lambs, growth rates of 300 g per d to 4 weeks of age, and of more than 400 g from 4 to 1 2 weeks old are commonplace in both single and twin lambs.
It is also clear (Peart, 1967) that a less than optimum level of energy intake during late pregnancy is not incompatible with a high level of subsequent milk production, provided that the level of energy intake during lactation is correspondingly high.
In an experiment conducted in the hill environment, Eadie (unpublished) compared ewe milk yields, lamb growth rates and changes in ewe body-weight measured over the first 9 weeks of lactation in animals grazing an area of typical bent-fescue pasture, with results obtained from animals on a reseeded pasture. T h e responses, in milk yield and ewe body-weight change, to increased energy intakes associated with a modest improvement in herbage quality (4-5 digestibility units) are illustrated in Fig. 3 . Ewes rearing single lambs produced on average 20% more milk on the better quality pasture, and their lambs gained 20% faster than those on the hill pasture; ewes suckling twins on the reseeded pasture produced on average 75% factorily and failure to do so ; in general, they illustrate the magnitude of the increase in animal production which can be achieved from a relatively small improvement in herbage quality leading to substantially increased energy intakes. Another important response to the increased energy intakes of animals on the higher quality pasture in this experiment was an improved rate of live-weight gain in the ewes, particularly in those suckling single lambs (Fig. 3) . Recovery during lactation of the weight lost during pregnancy is essential if ewes are to achieve the desired level of body condition required in the autumn for satisfactory ovulation rates and the conception of twin lambs.
Nutritional limitation to production. The relationships between energy intake and the components of individual animal productivity briefly outlined above show clearly that existing breeds of hill sheep are producing at a level considerably below their potential. It is clear that performance is limited by the level of energy intake afforded by the traditional system of management based on free-grazing, and with stocking rates determined by winter-carrying capacity, As long as energy intake remains the principal limiting factor, and until such time as the level of production more closely approaches the genetic potential of those breeds, it is unlikely that the introduction of other genotypes will increase productivity from hill land.
Requirements for increased animal production
In most hill sheep enterprises future economic progress is more likely to be achieved through increased output than by reduced costs. Realistic increases in productivity Vot. 30 Nutrition of hill cattle and sheep 203 must include a large element of improved individual animal performance, and examination of the relationships between nutrition and the components of individual animal performance indicates that substantial increases in productivity are possible. These increases are largely dependent on improved energy intake, particularly at times of the year which have previously been regarded as unimportant.
I n traditional free-grazing systems stocking rate is, and must be, determined by winter carrying capacity ; winter nutrition has long been considered the principal limiting factor, and too often there has been difficulty in looking beyond this period. In any new system of management, the first requirement is for an improved level of energy intake during the summer. Under existing systems ewes increase in live weight despite, and not because of, pasture quality; an improvement in the quality of summer pasture, or at least a means of postponing the decline in digestibility, will enable ewes to achieve the better body condition required for higher conception rates.
An increase in energy intake at this time will also serve to delay the onset of the decline in body-weight, which at present occurs at the beginning of pregnancy, and will provide the ewe with greater reserves on which to draw during pregnancy. Given improved body reserves, there will be little need for substantially improved levels of nutrition during December, January or most of February, but in the later stages of pregnancy, when foetal requirements increase rapidly, levels of energy intake from grazing will require to be supplemented if the ewe is to produce viable twin lambs, Improved levels of energy intake in late summer, autumn and late winter can substantially increase the number and birth weight of lambs produced, but this will be largely a waste of expensive resources unless early spring and summer nutrition can support high levels of lactation and high growth rates in weaned lambs. Current work in the Hill Farming Research Organisation indicates that the required improvements in energy intake in spring, summer and autumn can be achieved in new systems of management based on controlled grazing.
It must be emphasized that changes in energy intake at one time of year have repercussions on productivity at other times. If attempts are made to improve the standard of nutrition at only one point in the annual cycle there is a real danger of creating problems at some later stage. Animal production is influenced by energy intake throughout the whole of the 12-month cycle, and soundly based systems aimed at increased productivity can come only from an appreciation of the importance of year-round nutrition.
Hill pastoral resources and sheep production
By JOHN EADIB, Hill Farming Research Organisation, 29 Lauder Road, Edinburgh EH9 2JQ
Hill sheep farming in the UK takes place in a wide range of hill environments.
They differ climatically, and in their soils and vegetation. Management practices vary from one hill farming region to another, as do breeds of sheep. 4 major feature of hill sheep production is its low output per unit area. Output of saleable weaned lamb live weight, for example, ranges from less than 3-5 kg/ha (3 lb/acre) per annum in the poorer (but not the poorest) hill environments, to upwards of 35 kg/ha (30 Ib/acre) per annum in the better ones.
For many decades the low output of hill sheep farming was matched by an appropriately low-cost structure. But, since the mid 1950's costs have increased sharply due, in the main, to increases in costs of labour. Increases in costs of labour bear heavily on hill sheep production since they amount to some 30-40% of total costs. Over the same period the prices of store lambs and cast ewes have remained static. T h e consequence has been that, despite the changes in the value of the . & over that period, the net profit per farm has not improved, while government support has risen from around 60-70x to 13o-190?& of the net profit (Duthie, 1968) . T h e important point for the future is that costs of labour are likely to continue to increase at a faster rate than prices. One approach to the problem would be to attempt to reduce costs; this may be possible in some instances in the short term but it will not provide a general long-term solution.
A much more meaningful approach is t o attempt to develop systems of hill sheep production within which unit costs of production will be significantly reduced. Equally important is the need to do this in such a way as to provide opportunities, extending well into the future, for reacting to economic change and technical advance. This, in effect, requires the establishment of a production framework within which, in the longer if not in the short term, substantial increases in output are possible. Basic to any progress in this direction is an adequate biological understanding of the processes of production. But, biological and economic efficiencies are not necessarily coincident. It is therefore necessary to employ the consequences of that biological understanding within an economic framework with the constraints that this implies.
T h e low outputs of sheep products of existing systems of hill sheep production are a function of low stocking rates and of poor levels of sheep performance. Some 65% of the hill sheep in Scotland are stocked at rates of between one sheep per 0.8
